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BITROjjUCTION 

It is often dce-j rr^bl.-, to hive a permansnt and accurate record 
of the surface-finish variation of r?ircraf t-enginvj parts subject 
to ;^;earo In many casas, a phctomicrograph of the desired surface 
cannot bo made v/itiiout sectioning the specimen. This sectioning 
is often inadvisable because the specimen may be needed for further 
tests. Special cameras have been devised for taking photomicro- 
<^raphs of othen^dse ini'iaccessjble surfaces^ but the mechanical 
difficulties and the expense of such irstramonts have necessitated 
the adoption of other methods, such th v.^- of thiT-fi"^'^^ roolicas. 

The use of plastic-filjn replicas of metal L;uriaces is not new* 
In I92h, Lo V. Foster (reference l) used collodion films to obtain 
replicas of etched sjrfaces^ these replicas were satisfactory for 
microscopic exanination of the etch pattern. Recently, thin-film 
replicas of metal surfaces have been u.sed extensively in the field 
of electron microscopy (references 1 to 6)0 Exxremely thin films 
of collodion and other plastic materials such as Formvar have been 
stripped from the etched surfaces of metals and have been examined 
at high magnifications to determine the fj.ne stnacture of the metal- 
lic vsurface* Lacquer-film negative replicas have beer used by the 
NACA in surface-porosity determinations of chromium-plated aircraft- 
engine C3^1inder barrels and have been found to give adequate defini- 
tion (reference ?)- This method^ developed by iwachlin and Stokel 
at the Aircraft Engine Research Laboratory^ is rapid and satisfactory 
for the specific purpose of differentiating betv/een the pores and 
the nominal surface of porous chrome plate c The transparent nega- 
tive replica is an inverse image of a surface and, if the replica 
is obliquely lighted or if the original surface was irregular, the 
replica may boar no resemblajice to the original. For a cri-cical 
study of surface irregularitie'3 b.y meajis of replicas, the replicas 
used should therefore be opaque positives of the original surface? 
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The comprehensiv? study of aircraft-engine wer?r undertaken in 
recent years has focused attention on the physical alteration of 
v;earinf-; surfaces. In most cases the surface chan.^e is of such 
microscopic dimensions that specialized and expensive equipment 
m:ar-t be used to exam.ine the interiors of aircr-'^^ft bearings and 
engine cylinders. If photomicrographs are taken of the surface 
for a pemanent record, only an extremely small area can be included 
in the fieldo Many photomicro -rraphs must be made to obtain a repre- 
sentative concept of the surface. The need for some simpler m^ethod 
of exajTiination that coald be applied to any surface vdthout neces- 
sitating the use of '^Pecial equipment was realized during the course 
of a pro-'Tam of surface-finish study at the /Aircraft En[;ine Research 
Laboratory in the su.m.mer of 19:'i3« A method utilizing positive 
rep].ica£ v.'-as developed that ovorc^.'jmes many of the previous diffi*- 
culties of surface examination in confined bearing and cylinder- 
barrel areas. 

PREP A R'' TIG]': OF ^'EO'-TI^^'R; REPLIC^V 

The surface of the specimen is thoroughly ivasr.ed i^ith petro- 
leum ether and is i-hen swabbed vath acetone^ f< special stripping 
lacquer that peels ensily from a metal surface is then spread in 
a tliin layer over the surface of tiie specimen v;ith a brash or a 
clean p'lass rod. Small specl'aens may be dipped in the lacquer 
and set on ery^e to dr-nin. A stream, ot air may be directed over 
the lacquer-coated specimsn for ly minutes to hasten drying, if the 
air velocity is kept lov/ enough to prevent blushing nnd Yvrinkling 
01 the film by the blDst. The f i^jn is then stripped from the sur- 
face to rem.ove any adhering foreign particles not removed by the 
wasrring. If the surface is poroas or granular, it may be necessary 
to strip off more than one cleansinj^ film to remove all the material 
lodged in tiie surface pores. The;:'.e cl.eonsinr film.s are discarded. 

The final negative replica film is spread on trie specimen and 
a gentle flow of air is directed across the lacquer film for at 
least minutes before it is car(?fully p;-:eled from the surface. 
If the replicas arc dried ir: still air, cleansing films should be 
left on the specimen for at least 1 hour and the final replica 
film should be allowed to remain for at least h iiours before being 
peeled from: ttie sn.rface. Tio reduction in shri.nkage is gained by 
allowing tht: film to remain in place on th^; surface for a longer 
time • 
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preparation: of positive repiica 

The prep'-^.ration of the positive replica consists essenxially 
in plating a thin layer of silver on the replica side of the trans- 
parent negative lacquer replica. The dried negPitive replica film 
is cut into 1-inch squares that are mounted replica side up over 
a 5/8-inch-diarneter hole punched in a specimen holder made of thin 
brass plate. The edp:es of the film arf; cemented to the specimen 
holder v;ith some of the lacq-er. The negative replica film con- 
tracts to a flat surface as the cerien ! .i.ng lacquer dries. A {;;lass 
plate: is placed in contact ''•^•ith the back of the specimen holder 
r?nd both are placed in a h.i.rn-vacaum metal-evaporation unit whare 
on opaque coatinf^ of silver is evaporated onto the replica side of 
the fil'T^ (reference 6). 

The replica th^n may be examined microscopically by viev.ang 
the opaque si.lver coating throu^^h the iDcquer fiLn. The surface 
thus seen is a positive replica of the original metal surface. If 
permanent microscope-slide mounts are desired, a 1/2-- inch-diameter 
disk may be cut from the center of the positive replica and mounted 
silver side doivn on a microscope slide previously dipped in a fresh 
v\rarm 10-percent v-a tor-solution of v^elatin. The slide should be 
allov-ed to dry for at least 12 hours. If the negative replica film 
is dirty, vrrinkled, or o _ier.jise UHv^ac: of actory, it ;Tiny be dissolved 
from the slide ■'.vith acetone and a iiow film of the lacquer applied • 
The silver replica remains far.tened to tne gelatin durin.^ this 
process. 



FIDELITY OF REPROPUCTION 

Surface tests Tvere m^de to see if the replicas shrink on 
drying. A series of tests v\ras performed usinp negativ'^e replicas 
that h:^d dried for different lengths of time in contact with a 
specimen* TVo parallel scratches 2 inches apart were mled on a 
polished brass surface and the negative replic/^s were peeled from 
this surface and measured at time intervals up to 1 week. The 
variation of the spread of faese t^v^o lines from the 2 inches on 
the original plate was measured on the negative replicas with a 
scale and a mr?gnifier. The shrinkage was measured to an accuracy 
of 0.1 percent. Several hundred measurements were made on 
75 replicas to obtain the drying-time inf ormntion previously 
given. In general, a l-percent shrinkr..?:e should be taken into 
consideration in alJ. replica studies. 

Fi;7.ire 1(a) is a photom IcropT^^ph of s m.etallographically 
polished steel surface; figure 1(b) is a photomicrograph of its 
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positive rep.licrie Fi>3urGS 2(a) m'l 2(b) present a similar treat- 
ment of ^ lapped sto6:l surface. The square l.oles that are visible 
in the photomicrographs were made with a Rockwell harcinese tester o 
These figures show the degree of fidelity of reproduction possible 
mth the positive replica. The speciiuen shoTO in figure 1(a) had 
a rougi-iness of 1^5 n-icroinches, rms, as determired by the Brush 
surface anal^T-zer. ]n.gure 3(b) illustrates the resolution possible 
with the positive replica at the small roughness value of Ic^ ^nicro- 
inches, rmso 

The higher ref j.ectivity of a silver surface as compared v/ith 
a steel surface must be considered in interpretinf^: surface char- 
•3cterc The fjne structural detail is sometimes less evident than 
it is in the oripin?l specimen because of the increased specular 
illumination of the pits and [{rooves of the replica« Although the 
fine detail shov^n in fipure 2(a) is also shown in fi^r^jre 2(b), 
figure 2(b) shovre much less contrast. Tn m.aking of photomicrof^raphs 
of positive re^plicas, only two-thirds the exposure given to the 
original steel sur^^-^e ±v ^le'^ess^rve 



^j- '^Ll'^ T'^'^'i'' 0-^' ^^''n*'?>^ ^QP"'' T'""' 4 STUDY OF 
AIii.:: ^/;?'T-~Ii^'sGI-E CilI^.DEi> SURFACES 

A surface-finish study of cylinder-barrel v^a]ls ivas conducted 
su.4>lemen tary to a series of rinf^-sticking tests on a single cyl- 
inder from ^arx Allison V-1710 engine. Positive replicas (fi^'s. 3 
to Ih) of th^- cylinder walls were made after each of 22 test runs 
and were e:xamined microscofxically for surface changes during the 
run--in and wearing of the cylinder barrel. Tn this application, 
a negative replica was made of both the major-thrust and minor- 
thrust faces of iiie barrel. Selected portions were cut from each 
of these negative-replica sections and made into finished positive 
replicas mo-mted on microscope slides o 

A microscopic ex-airdnation of these positive replicas indicated 
a gradual erosion and alteration of the cylinder surface from the 
cross-hatched finish of a newly honed cylijnder barrel to the 
parallel-scratch finish of a well-worn barrel. The top portion of 
the barrel shovred a m^axlmum of wear. This evidence of wear, sho^Ti 
by the disappearance of the honin^; m.arks on the barrel area trav- 
ersed by the rings, decreased down the circumferential barrel area 
until, at the bottom of the area of ring travel in the barrel, the 
cross-hatched surface w?s still quite evident. 

Fir.ures j to 7 ?^re photomicro>?;raphs of positive reijlicas of 
varioj.s portions of the surface of the cylinder m-^r- ' • 112 diam- 
eters. The coarse]_y honed surface finish of a n'-^w . a cylinder 
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barrel is shov;n in figure 3- Fig'.ire h Sxhows the comp^nrativGly 
finely honed finish given to the Allison cylinder barrel at ASRL 
in the course of a general engine overhaul. The surface of the 
coarsely honed nev/ cylinder after i|8 hours of test nnning is 
shoTO in figure ^, and the surface of the finely honed cylinder 
barrel after 3$ hours of test running is shovm in figure 6. 
Figure 7 shovvs the surface of the coarsely honed cylinder after 
100 hours of test oper.qtion. All these photomicrographs v/ere 
taken along the middle portion of the major-thrust face of the 
barrel and represent the fjeneral surface appearance of the cyl~ 
inder barrel. 

The first visible change during operation in the surface of 
the ne^/vly honed cylinder is a .^jradual appearance, early in the 
test runs, of vertical ricratches super impow^^ed on the honing marks. 
As the Tvear proceed.*^, hovjever, three groups of bamished bands 
begin to appear on the cy:'.inder v?a}l at right .angles to the direc- 
tion of the stroke. The top group has only one sharp band gener- 
ated by the top conipres:sion ring at the top of ring travel in the 
barrel; tlie bands formed by the other tr-'o compression rings are 
extremc.ly fairt. The second group consists of two closely spaced 
faint bands that are caused by the two oil-control rings v;hen the 
piston is at top center. The bottom group consists of three 
diffuse rings that are generated by the three compression rings 
at the bottom of ring travel. Ihese bands are probaoly caused by 
a number of factors, such as the inertia forces of the piston at 
the top and bottom of the stroke that give rise to a slapping 
action of the rings against the v/all, as well as the absence of 
adequate lubrication during the reversal of piston direction. 

The rest of the surface of the cylinder barrel other than the 
band areas contains many fine scratches para] lei to the direction 
of the strok'j. These scratches are caused by the a.brasive action 
of particles suspended in tiie oil and lm>^edded in the ring or 
cylinder rallc V^ien the final roning marks disappear from the 
botto::i ring band of the cylinder barrel, the barrel has reached 
its final surface-finish appearance* 

In a coarsely honed ne^^ cylinder, the noning ir.arks at the top 
of the barrel were found to disappear after approximately 100 hours 
of running t;'.me; but, in a finely honed cylinder, these marks dis- 
appeared after as little as ^0 liours of running time. 

hn examin-^tion of the complete positi'/^j replica of the cylinder 
Yral]. indicated that there were three main areas of interest: the 
t.op and bottom ring bands, and the general well area betv^een these 
bands. In order to show the differ'^mce i.n the appearance of a 
recently mn~in barrel from that of a well— -rorn barrel, photomicro- 
graphs 7.'ere m.ade of these thrc-e aroas in thi'oe barrels, one of which 
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had been run 33 hours, one 120 hours, and the other 225 hours^on 
a test stand. These photomicrographs are shovm in fif^ires 8 to lU. 
The fact that the cyllndo-rs examined in this replica study vrere 
used for ring-stickin^: tests must be kept in mind in interpreting; 
the figures In tiie cylinders that hod been run for 33 and 
225 hours, the top ring ^-^^as stuck in the ring groove causing a 
different pattern on the cylinder wall at the top of ring travel 
from that whicn is found at the sa^iie position in the barrel that 
had been run for 120 -iours viiere all the rings v^ere free. 

Figure 8 sho:-vs the area within the top ring band in the cyl- 
inder in which the top ring did not stick. The looping scratches 
were presumably gener-^^ted by the top compression ring as it rotated 
sli.^htly at the to;; of the stroke. Figure 9 shows the area at the 
top^of ring travel in the barrel run for 33 hours in which the top 
ring was stuck c The burnishing effect of the ring impact has 
removed the scratches in this barrel but has left the deeper cross- 
hatched grooves of tne honing operation « Fignire 10 shov/s a replica 
of the worn surface of the barrel run for 22< hours taken at approx- 
imately the sam.e area shown in figure 9o The ring v^as stuck in this 
cylinder. This cylinder presents an (Excellent example of the sur- 
face found at the top of ring travel in ^. worn cylinder barrel. A 
characteristic burnished area '/rith the fringe of smeared metal 
extending dov'Tiw^rd is clearly shovvn. 

A replica of a tj^ical surface area in the center of the ^barrel 
slightly worn after 33 hours is shomi in figijre 11. This surface 
has'^not jet reached the appearance of the barrel shov^rn in figure 5* 
Fir^ure 12 shov.s the same general area in the barrel well-worn after 
225 nours. An examination of the replicas of this area made from 
this cylinder during its running indicated that apparently no 
further surface-finish change occurred once this stage had been 
reached* (Of. fl:;;s. 6, 7, -^nd 12.) 

Figure 13 is ^ rej^lica of the ^rea containing the ring band 
at the bottom of ring travel in the barrel slightly worn .after 
35 hours o The ring bands have not yet beg^an to appear in this 
area. Figure lit shows the top ring band at the bottom uf ring 
travel in the worn barrel after 225 hours. In this area, the 
burnishing effect is not so noticeable as it is at the top of 
rin^.T travel, but the fringe of sme-3r metal is quite evident. At 
the "top of ring travel the sme-^.r points dowward whereas, at the 
bottom of ring'travel the smear points upward. The edges of the 
smears shown in figures 10 -nd Ih stirt, in each case, at the for- 
ward edge of t:ie ring as it leaves either the top or the bottom 
position of ring travel. 
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Tho replic.'ivS of the m^.jor-thrust ^nd minor-thmst faces of 
the cylinder barrel shoivf^d ro apparent difference in the rate of 
wear of the two faces. 



STI:iHARY OF R^SU1.TS 

The positive re^lic^s of metal surfaces made by a method devel- 
oped at AERL were faithful re^.-roductions of the original surfaces, 
even at maf;mif ications of 100 diaraeters. 

The positive I'eplicas made of the surface of an Allis-.>n V-1710 
single cylinder before and after ring-stic'fin^ tests shoY/ed: 

1. A variation in the cylinder surface occurred durliif^ the 
course of the rin>; stick'Lng tests. The sui'face finish changed from 
the rough cross-hatched appearance of th<n newly honed cylinder 
barrel to a fine parallel-scratched finish. As the tc;'str: proceeded, 
a series of bands appeared in the barrel surface at the top and 
bottom of the stroke. Trie band formed by the top compression ring 
at the top of the stroke consisted of a band of burnished metal 
with 3 frinp:e of smeared metal expending doTOv/ard toward the center 
of the b-^rrel wall. At the bottom of the stroke, the bands were 
fainter and the barnishinr; effect was less than at the top of the 
stroke. The fringe of smeared metal w^s present, and extended 
upv'/ards toward the center of the r^arrel wall. 

2. l^^ien the top compression r.ing had stuck in the j?iston land, 
the cylinder surface ^t the top of the stroke ended abruptly with 
the burnished band and the smenred metal fri-n.ge. All the wear 
scratches were parallel to each other and to the direction of pis- 
ton motion. When the top compression rln,>:i; did not stick, this area 
of the top of rinr; travel was relatively smooth with numerous 
loopin-T scratches of different heiiihts superimposed on the general 
surface. These loopinr scratches were pr::sumably caused by the 
abrasive action of particles cau;:-ht between the piston ring and 
the cylinder wall at t^io top of the stroke. The piston ring appar- 
ently rotated s]i<7htly at the top of the stroke, scraping the 
abrasive particles across t!ie cylinder wall in a loopin.^ motion. 
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3. There v;a5 no apparent difference ia the rate of wear of 
the major-tlirust face an! tl^e minoi'-tiirast face. The top portion 
of tiie cylinder barrel, however, ciid show a greater amount of v;ear 
than the bottom portion. 
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(aj Photomicrograph of surface. 



Figure 1. - A metallographical ly 
polished steel surface with a 
roughness of 1.5 nticroinches, 
rtns. XIOO. 




(a) Photomicrograph of surface. 



Figure 2. - A lapped steel surface 
with a roughness of 8.0 micro- 
inches, r/Tfs. XIOO. 



Fig. I a , b and 2a , b 




(bj Photomicrograph of positive 
replica of surface. 



Figure 1. - A metal lograph leal ly 
polished steel surface with a 
roughness of 1.5 microinches, 
rms. XIOO. 




(b) Photomicrograph of posit iue 
repi ica of surface. 



Figure 2. - A lapped steel surface 
with a roughness of 8.0 micro- 
inches, rms. XIOO. 



Figure 3. - A positive replica of Figure 4. - A positive replica of 
a new coarsely honed Allison a finely honed Allison V-1710 

V-1710 cylinder barrel. X112. cylinder barrel. X112. 




Figure 5. - A positive replica of Figure 6. - A positive replica of 

the coarsely honed Allison the finely honed Allison V-1710 

V-1710 cylinder barrel after 48 cylinder barrel after 35 hours 

hours of test running. X112. of test running. X112. 
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Figure 7. - A posftlue repi ico of 
the coarsely honed Allison 
V'lJLO cylinder barrel after 100 
hours of test running. X112. 




Figure 9. , . . u ^ 

the area at the top of ring 
travel in an Allison V-1710 
cylinder barrel after 33 hours 
of test running. The top ring 
uxjs stuck. X112. 




Figure 8. - A positive replica of 
the area at the top of ring 
travel in an Allison V-l/lO 
cylinder barrel after 120 hours 
of test running. The top ring 
was free. XI 12. 




Figure 10. - A positive replica of 
the area at the top of ring 
travel in an Allison V-1710 
cylinder barrel after 225 hours 
of test running. The top ring 
kjas stuck. X112. 
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Fig. II, 12, 13, U 



Figure 11. - A posit iue replico of 
the general surface area in an 
All ison V-niO cylinder barrel 
after 33 hours of test running. 
XI 12. 





Figure 12. - A posit fue replica of 
the general surface area in an 
Allison V-1710 cylinder barrel 
after 225 hours of test running. 
X112. 





Figure 13. - A posit iue replica of 
the area at the bottom of ring 
travel of the top ring in an 
Allison V-1710 cylinder after 33 
hours of test running. X112. 




Figure 14. - A posit iue repi ica of 
the area at the bottom of ring 
travel of the top ring in an 
Allison V-1710 cylinder after 
225 hours of test running. 
X112. 



